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157) ABSTRACT

A liquid storage tank having a wall made of a plurality
of metal plates having adjacent abutting edges joined
together by at least vertical welded joints, at least some
of the joints having an elongated tubular metal member
with a surface in spanning contact with the welded joint
for at least part of the joint length, a plurality of spaced
apart holes in the tubular member surface, in contact
with the metal plates, the joint bemg butt welded from
one side with the tubular member in place spanning the
other side of the joint, and the side edges of the tubular
member surface being joined by a continuous weld to
the adjacent metal plates.

9 Claims, 10 Drawing Figures
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LIQUID STORAGE TANK WITH WELDED JOINT
DRAIN CANAL SYSTEM AND WALL STIFFENER
SYSTEM

This invention relates to storage tanks and to their
construction. More particularly, this invention is con-
cerned with improvements in tank wall structures to
minimize wall distortion during construction and to
collect liquid which may leak through tank joints.

Electric generating stations which utilize nuclear
energy generally include a number of pools for handling
the radioactive nuclear fuel. These pools are sometimes
referred to as spent fuel pool, shipping cask pool, and
decontamination pit. Pools are also used for refueling
water storage. The pools are often interconnected by a
fuel transfer walled canal. These pools and canal con-
tain water for safe handling of the nuclear fuel.

The pools as described are generally contained within
a tank which can be a free-standing metal shell formed
of suitable metal plate, or it can be a metal liner sup-
ported by exterior concrete walls. Both types of metal
shell, whether free-standing or supported, are intended
to be included within the term “tanks™ as used herein.
Some of the tanks have vertical cylindrical walls while
other tanks have walls which are basically vertical flat
surfaces with the tanks being rectangular in horizontal
section. The walls of the fuel transfer canal further-
more, which interconnect adjacent pools, are generally
vertical flat surfaces.

The tank walls are generally made of a plurality of
metal plates, usually stainless steel, positioned so that
the edges are in end-to-end abutting position. The abut-
ting edges are welded securely together to form a joint.
The weld can be deposited from one or both sides of the
wall.

Because the pools contain radioactive water, it is
important for safety reasons to provide a means for
controlling the drainage of any water which may leak
through a defective welded joint. Current engineering
practice thus requires that a drainage system be em-
nloyed along the outside surface of the tank or shell
wall around the welded joint to first receive any radio-
active water which leaks by or through the welded joint
and then to direct it to a suitable accumulating reser-
VOIT.

One prior art drainage system utilizes a series of metal
channel members which are placed over the outside
surface of the tank so that the channel flanges span the
welded joint, whether it is vertical or horizontal. The
end of each flange of each channel member is joined by
a continuous weld to a plate edge portion on the side of
the welded joint to thereby span the joint and provide a
closed conduit into which leaking radioactive water can
flow from leaks in the welded joints. This system does
not provide for ready alignment of abutting edges of the
plates and it also requires welding the joint from both
sides of the wall or shell.

Another prior art system for tank wall structures
employs a back-up bar which spans the joint. A butt
weld is then deposited from the other or inside of the
tank wall. An H-beam is then positioned over the back-
up bar with two of the beam flange ends in contact with
the plate portions on each side of the joint. Continuous
welds then join the flanges of the H-beam to the tank
wall surface. In this way a conduit drain is formed for
receiving radioactive water which might leak through
the welded joint. Since the H-beam is installed after the
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welded joint has been completed, the H-beam does not
provide any stiffening of the plates during erection or
during joint welding. This is also true with respect to
the use of a channel member as previously described
above.

The metal plates used for the tank walls are generally
quite large and often are six feet wide and fifteen to
twenty feet long, but generally are relatively thin. Metal
liner plates, for example, may be only 3/16ths of an inch
thick. Because of the thinness of the plates employed
and their large area, it is inherently difficult to keep the
tank walls smooth, flat or with any other previously
determined geometric surface, since the tolerances for
such surfaces is quite limited. Furthermore, the joint
welding induces heat distortion of the plates, further
complicating the proper assembly of the tank wall
within close tolerances. The channel member and H-
beam member used in the prior art drain systems do not
provide tank wall plate reinforcement because they are
not installed until after the joint is completed. There 1s
accordingly needed improvements in tank wall struc-
tures which will provide simultaneous reinforcement
and stiffening of the plates used for the tank wall during
erection and constuction of the wall and welding of the

25 joints, and which will also provide a drainage system

30

for receiving liquid which leaks through any such joints
to direct the liquid to a collecting reservoir.

SUMMARY OF THE INVENTION

According to the invention there is provided an 1im-
provement in a liquid storage tank having a wall made
of a plurality of metal plates having adjacent abutting
edges joined together by at least vertical welded joints,
with the improvement comprising at least some of the

35 joints having an elongated tubular metal member with a
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surface in spanning contact with a welded joint for at
least part of the joint length, a plurality of spaced-apart
holes in the tubular member surface in contact with the
metal plates, the joint being butt welded from one side
with the tubular member in place spanning the other
side of the joint, and with the side edges of the tubular
member surface being joined by continuous welds to
the adjacent metal plates of the tank.

The tubular member simultaneously provides a

backup bar which permits welding the butt joint from
one side of the wall. The tubular member also facilitates

alignment of the plate edges and, in addition, provides a
reinforcing member to keep the metal plates flal and
straight, or with some other predetermined geometrical
surface, by restraining plate distortion which could
otherwise be induced by the heat evolved in joint weld-
Ing.

The tubular member desirably has a flat surface in
contact with the plate portions adjacent the joint. Such
a flat surface is inherently provided by a tubular mem-
ber which is a parallelogram in lateral cross-section. A
particularly suitable tubular member for use in the in-
vention is one which is square in lateral cross-section.

The described system 1s useful on horizontal welded

60 joints as well as on vertical joints. It is important, how-

ever, on tank walls which have both vertical and hori-
zontal joints to provide an intersecting connection
which will permit liquid which flows through a vertical
tubular member to be directed into a horizontal tubular
member so that flow of liquid can be directed to a col-
lecting reservoir. Alternatively, it may be desirable to
have the liquid flow from a horizontal tubular member
into a vertical tubular member. In either system the
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purpose is to provide suitable passageways for ready
flow of ligquid which leaks through welded joints to be
directed to a predetermined collecting reservoir.

A special splicing structure for tubular member inter-
sections 15 provided according to the invention to con-
nect the end of a tubular member which perpendicu-
larly intersects another tubular member, whether the
later is a vertical or horizontal tubular member. The end
of the abutting tubular member is mitered or angled so
that the back wall of the tube has an edge which is close
to or in contact with the other tubular member rear
surface. That back edge is then welded to the tank wall
two edge portions adjacent the joint and to the other
tubular member running perpendicular thereto. A
trough-shaped cover is then placed over the entire mi-
tered end of the tubular member. The entire peripheral
edge of the trough-shaped cover is then welded to the
two tubular members and to the two plates to complete
the spliced connection and to make it liquid-tight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevational view of a part of a tank wall
produced according to the invention;

FIG. 21s a sectional view taken along the line 2—2 of
F10. 1;

F1G. 31s a vertical sectional view taken along the line
3—3 of FIG. 1;

FIG. 4 is a horizontal sectional view through a verti-
cal tubular member in back of a vertical welded joint:

FIG. 5 15 a rear view of a tubular member showing
the staggered spaced-apart drain holes;

FIG. 6 is an elevational view partially in section
showing the intersection of two vertical tubular mem-
bers with a horizontal member and the mitered ends of
the vertical tubular members adjoining the horizontal
member;

FI1G. 7 1s an 1sometric view of a trough-shaped cover
which is placed over the mitered ends of the tubular
members;

FIG. 8 1s like FI1G. 6, but with trough-shaped covers
positioned over the mitered ends of the vertical mem-
bers:

FIG. 9 1s a plan view partially in section of a key-
plate used to secure edge portions of adjacent plates in
alignment for making a welded joint, and with a tubular
member positioned in back of the abutting edges of the
plates; and,

FIG. 10 1s a view taken along the line 10—10 of FIG.
9.

DETAILED DESCRIPTION OF THE
DRAWINGS

So far as is practical, the same elements or parts
which appear in the various views of the drawings will
be identified by the same numbers.

FIG. 1 shows the exterior of a wall section 7 of a tank

structure. This section of the wall is vertical and essen-
tially flat surfaced on the interior. Tank wall section 7

has an upper course 9 made of identical rectangular
metal plates 10, 11, 12 and 13. The upper course 9 of
plates rests on a lower course 8 of plates 20, 21, 22 and
23, which are longer than, but of the same width, as the
plates in the upper course. The vertical joints 14 be-
tween the edges of adjacent plates in the top course 9
are in alignment with similar joints between the plates
of the lower course 8. Identical tubular members 15,
which are square in horizontal cross section, span the
width of each joint 14. Similarly, vertical tubular mem-
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bers 25, identical in cross-section to the tubular mem-
bers 15, span the joints between the plates in the lower
course 8.

Each plate in the upper course 9 has a pair of verti-
cally positioned reinforcing angle members 16 welded
thereto, and the lower course 8 has a pair of similar
reinforcing angle members 26 welded to the back
thereof as i1s shown in FIGS. 1 and 2.

The horizontal joint 30 (FIG. 3) between the plates of
the upper course 9 and the lower course 8 is backed by
horizontal tubular member 35. A similar horizontal
tubular member 45 is positioned at the back of joint 40,
as shown in FIG. 3, at the bottom of course 8.

The edges of the plates in courses 8 and 9 are joined
by a butt weld 17 (FIG. 4) deposited from the inside of
the wall section with the tubular members 15 and 25
having been previously put in position with a surface
thereof in contact with the adjacent portions of the two
abutting plates. Similarly, butt weld 31 (FIG. 3) is de-
posited to join together the edges of the plates forming
courses 8 and 9 after the horizontal tubular member 35
is placed in position. The horizontal weld 41 at the
bottom of lower course 8 is also deposited after the
horizontal tubular member 45 is put in position in back
of the joint 40. Each of the tubular members 15, 25, 35
and 435 is desirably tack welded to the adjoining plate
surfaces before the butt welds are deposited to join the
plate edges together to make joints 14, 30, and 40.

Each of the tubular members 185, 25, 35 and 45 is
provided with a plurality of staggered, spaced-apart
drainage holes 50 positioned such as shown in tubular
member 15 illustrated by FIG. §. The holes 50 may be
drilled, punched or burned into the metal as may be
appropriate.

As shown in FIG. 6, the lower end of tubular member
13 and the upper end of tubular member 25 is mitered at
an angle of about 45°, This is done so that a weld 55 can
be deposited to join the back edge of these tubular mem-
bers to the tank wall plates and to the horizontal tubular
member 35. No such weld could be deposited if the ends
of the tubular members were squared off at their inter-
section with the horizontal tubular member 35, since
access to the rear wall of the tubular members 15 and 25
for welding would thus be barred. After the welds 55
are deposited, a troughshaped three-sided cover 60
(FIG. 7) 1s positioned over the mitered ends of tubular
members 15 and 25, as i1s shown in FIG. 8. The entire
peripheral edge of each cover 60 is then welded to the
adjacent tubular members and to the plates forming the
tank wall. It should be understood that the described
mitered joint structure can be used whether the hori-
zontal or the vertical member continues through the
intersection uninterrupted, with the other tubular mem-
ber end containing the mitered joint abutting perpendic-
ular thereto.

FIGS. 9 and 10 illustrate how the plates forming the
tank wall can be assembled for welding with the tubular
members properly positioned. A series of key plates 70
spaced about tour feet apart are used to hold adjoining
tank wall plates, such as plates 12 and 13, in proper
position so that a joint 14 can be made by deposit of a
weld 17. Each of the key plates has a flat plate 71 with
a reinforcing rib 72. A centrally located slot 73 in plate
71 1s made oversized to receive the tubular members,
such as 18, so as to be able to move the key plate hori-
zontally with respect to the tubular member. Two
spaced apart slots 74 are also provided in the front edge
of plate 71. In those slots are positioned wvertical U-
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shaped members 75. Each U-shaped member has a
square hole 76 into which a nut 77 can project. Each nut
77 is welded along one side to the outer surface of a tank
wall plate 12, 13 or the like. A non-threaded hole 78 in
each nut 77 is sized to receive a tapered bull pin 79 as
shown in FIG. 10. A similar bull pin 80 can be used on
either side of each of the nuts 78 to help position the key
plate 70 relative to each of the wall plates 12 and 13, and
to facilitate moving the tank wall plates relative to each
other to get the proper gap between the plate edges for
depositing the weld 17. Once the tank wall plates are
properly positioned relative to each other and the tubu-
lar member 15 is located properly, suitable tack welds
can be used to temporarily hold the plates and tubular
element together. Then the joint weld 17 can be depos-
ited following which welds 95 can be deposited along
both side edges of the tubular member 15 in contact
with the tank wall plates 12 and 13. This procedure is
followed in making most, if not all, of the joints.

This detailed description has been given for clearness
of understanding only, and no unnecessary limitations
should be understood therefrom, as modifications will
be obvious to those skilled in the art.

What is claimed is:

1. In a liquid storage tank having a wall made of a
plurality of metal plates having adjacent abutting edges
joined together by at least vertical welded joints, the
improvement comprising:

at least some of the joints having an elongated tubular
metal member with a surface in spanning contact
with the welded joint for at least part of the joint
length,

a plurality of spaced apart holes in the tubular mem-
ber surface, in contact with the metal plates,

the joint being butt welded from one side with the
tubular member in place spanning the other side of
the joint, and

the side edges of the tubular member surface being
joined by a continuous weld to the adjacent metal
plates.

2. The improvement according to claim 1 in which
the tubular member is a parallelogram in lateral cross-
section.

3. The improvement according to claim 2 in which
the parallelogram 1s a square.

4. In a liquid storage tank having a wall made of a
plurality of metal plates having adjacent abutting edges
joined together by at least vertical and horizontal
welded joints, the improvement comprising:

A. at least some of the vertical joints having an elon-
gated tubular vertical metal member with a surface
in spanning contact with the metal plate portions
by the vertical welded joint for at least part of the
joint length,
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a plurality of spaced apart holes in the vertical tubular
member surface in contact with the metal plates,

the vertical joint being butt welded from one side
with the vertical tubular member in place spanning
the other side of the joint, and

the side edges of the vertical tubular member being
joined by a continuous weld to the adjacent metal
plates, and

B. at least one of the horizontal joints having an elon-
gated tubular horizontal metal member with a sur-
face in spanning contact with the metal plate por-
tions by the horizontal welded joint for at least part
of the joint length,

a plurality of spaced apart holes in the horizontal
tubular member surface in contact with the metal
plates,

the horizontal joint being butt welded from one side
with the horizontal tubular member in place span-
ning the other side of the joint, and

the side edges of the horizontal member being joined
by a continuous weld to the adjacent metal plates.

5. The improvement according to claim 4 in which
the vertical tubular members intersect with the horizon-
tal member and the interior of the vertical and horizon-
tal members are in liquid flow communication with
each other.

6. The improvement according to claim 5 in which at
least some of the vertical tubular members end in
contact with the horizontal tubular member, the ends of
the vertical tubular members are mitered to have only
the rear end edge thereof adjacent the horizontal tubu-
lar member, the said rear end edge is welded to the
plates and the horizontal member, and a trough shaped
cover placed over and covering the entire mitered end
of the vertical tubular member is welded about its entire
periphery to the plates, vertical tubular member and the
horizontal tubular member.

7. The improvement according to claim 6 in which
the horizontal member is between and in contact with
the top and bottom ends of vertical tubular members.

8. The improvement according to claim 4 in which
the vertical tubular members intersect with the horizon-
tal member and the interior of the vertical and horizon-
tal members are in liquid flow communication with

each other.
9. The improvement according to claim 8 in which at

least the horizontal tubular member ends in contact
with a vertical tubular member, the end of the horizon-
tal tubular member is mitered to have only the rear end
edge thereof adjacent the vertical tubular member, the
said rear end edge is welded to the plates and to the
vertical member, and a trough shaped cover placed
over and covering the entire mitered end of the hori-
zontal tubular member is welded about its entire periph-
ery to the plates, vertical tubular member and the hori-

zontal tubular member.
* % % X &
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